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COATED MILLING INSERT AND METHOD OF MAKING IT 

The present invention relates to a coated cutting 
tool (cemented carbide insert) particularly useful for 
5 wet and dry milling of low and medium alloyed steels, 

with raw surfaces such as cast skin, forged skin, hot or 
cold rolled skin or pre-machined surfaces. 

When milling low and medium alloyed steels with ce- 
mented carbide tools the cutting edge is worn according 
10 to different wear mechanisms, such as chemical wear, 

abrasive wear, adhesive wear and by edge chipping caused 
by cracks formed along the cutting edge, the so called 
comb cracks , 

The comb crack formation is particularly severe when 
15 wet milling is employed (using coolant) . Coolant and 
work piece material may penetrate and widen the comb 
cracks and the edge will start to chip. A chipped edge 
will generate a bad surface finish of the machined com- 
ponent . 

20 Different cutting conditions require different pro- 

perties of the cutting insert. For example, when cutting 
in steels with raw surface zones a coated cemented car- 
bide insert must consist of a tough carbide and have 
very good coating adhesion. When milling in low alloyed 

25 steels the adhesive wear is generally the dominating 
wear type. Here preferably thin (1-3 ]2ia) CVD- or PVD- 
coatings have to be used. 

Measures can be taken to improve the cutting per- 
formance with respect to a specific wear type. However, 

30 very often such action will have a negative effect on 
other wear properties. 

The influence of some possible measures is given be- 
low : 

1 . ) Comb crack formation can be reduced by lowering 
35 the binder phase content. However, such action will 
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lower the toughness properties of the cutting inserts 
which is not desirable. 

2 . ) - Improved abrasive wear can be obtained by in- 
creasing the coating thickness. However, thick coatings 

5 increase the risk for flaking and will lower the resis- 
tance to adhesive wear. 

3. ). Milling at high cutting speeds and at high cut- 
ting edge temperatures requires a cemented carbide with 
a rather high amount of cubic carbides (solid solution 

10 of WC-TiC-TaC-NbC) . Such carbides will more easily de- 
velop comb cracks . 

So far it has been very difficult to improve all 
tool properties simultaneously. Commercial cemented car- 
bide grades have therefore been optimized with respect 

15 to one or few of these wear types and hence to specific 
application areas. 

Swedish patent application 9501286-0 discloses a 
coated cutting insert particularly useful for dry mil- 
ling of grey cast iron. The insert is characterized by a 

20 straight WC-Co cemented carbide grade and a coating in- 
cluding a layer of TiCxNyO^ with columnar grains and a 
top layer of fine grained textured a-Al203 . 

Swedish patent application 9502640-7 discloses a 
coated turning insert particularly useful for intermit- 

25 tent turning in low alloyed steel. The insert is charac- 
terized by a WC-Co cemented carbide body having a highly 
W-alloyed Co-binder phase and a coating including a 
layer of TiCxNyOz with columnar grains and a top layer 
of a fine grained, textured a-Al203 . 

30 Swedish patent application 9503056-5 discloses a 

coated turning cutting tool particularly useful for cut- 
ting in hot and cold forged low alloyed steel. The in- 
sert is characterized by a WC-Co cemented carbide body 
having a highly W-alloyed Co-binder phase and a coating 



wo 97/20081 



3 



PCT/SE96/01577 



including a layer of TiCxNyOz with columnar grains and a 
top layer of a fine-grained, a-Al203 . 

It has now surprisingly been found that by combining 
many different features a cutting tool for milling with 
5 excellent cutting performance in low and medium alloyed 
steel with or without raw surface zones both in wet and 
dry milling can be obtained. The cutting tool according 
to the invention shows improved properties with respect 
to many of the wear types earlier mentioned. 

10 The milling cutting insert according to the inven- 

tion consists of: a cemented carbide body with a highly 
W-alloyed binder phase and with a well balanced "chemical 
composition and grain size of the WC, a columnar 
TiCxNyO^-layer, a K-AI2O3 -layer, a TiN-layer and optio- 

15 nally followed by smoothening the cutting edges by 
brushing the edges with e.g. a SiC based brush . 

Fig 1 is a micrograph in 10000 X magnification of a 
coated insert according to the present invention in 
which 

20 A - cemented carbide body 

B - TiCxNyOz- layer with equiaxed grains 
C - TiCxNyOz" layer with columnar grains 
D - K-AI2O3 -layer with columnar like grains 
E - TiN-layer preferred, could be an option 
25 According to the present invention a milling tool 

insert is provided with a cemented carbide body with a 
composition of 8,6-9.5 wt% Co, preferably 8.7-9.5 wt% 
Co, most preferably 8.8-9.4 wt% Co, 0.2-1.8 wt% cubic 
carbides, preferably 0.4-1.8 wt% cubic carbides, most 
30 preferably 0.5-1.7 wt% cubic carbides of the metals Ta, 
Nb and Ti and balance WC. The cemented carbide may also 
contain other carbides from elements from group IVb, Vb 
or VIb of the periodic table. The content of Ti is pre- 
ferably on a level corresponding to a technical impu- 
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rity. The average grain size of the WC is in the range 
of about 1.5-2 \in\, preferably about 1.7 \im. 

The cobalt binder phase is highly alloyed with W. 
The content of W in the binder phase can be expressed as 
the CW-ratio= Mg / (wt% Co • 0.0161), where Mg is the 
measured saturation magnetization of the cemented car- 
bide body in kA/m and wt% Co is the weight percentage. of 
Co in the cemented carbide. The CW- value is a function 
of the W content in the Co binder phase. A low CW-value 
corresponds to a high W-content in the binder phase. 

It has now been found according to the present in- 
vention that improved cutting performance is achieved if 
the cemented carbide body has a CW-ratio of 0.78-0.93, 
preferably 0.80-0.91, and most preferably 0,82-0.90. The 
cemented carbide may contain small amounts, <1 volume %, 
of r|-phase (MeC) , without any detrimental effect. From 
the CW-value it follows that no free graphite is allowed 
in the cemented carbide body according to the present 
invention . 

The cemented carbide body may contain a thin (about 
5-25 ixm) surface zone depleted in cubic carbides and 
often enriched in binder phase according to prior art 
such as disclosed in US 4,610,931. In this case the ce- 
mented carbide may contain carbonitride or even nitride. 
25 The coating comprises 

- a first (innermost) layer of TiCxNyOg with 
x+y+2=l, preferably 2<0.5, with equiaxed grains with 
size <0.5 nm and a total thickness <1.5 jun and prefe- 
rably >0.1 \im. 

- a layer of TiC^NyOz with x+y+z=l, preferably with 
2 = 0 and x>0.3 and y>0.3, with a thickness of 1-6 ^im, 
preferably 2-5 njn, with columnar grains and with an 
average diameter of about <5 |iim, preferably 0.1-2 ym 

- a layer of a smooth, fine-grained (grain size 
about 0.5-2 pm) AI2O3 consisting essentially of the K- 



20 



30 



35 
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phase. However, the layer may contain small amounts, 1-3 
vol-%, of the 9- or the a-phases as determined by XRD- 
measurement. The Al203-layer has a thicloiess of 0.5-5 
^m, preferably 0.5-2 lim, and most preferably 0.5-1.5 |jm. 
5 Preferably, this AI2O3 -layer is followed by a further 
layer {<1 ^m, preferably 0.1-0.5 ^tm thick) of TiN, but 
the AI2O3 layer can be the outermost layer. This outer- 
most layer, AI2O3 or TiN, has a surface roughness 
f^max^O-4 over a length of 10 |im. The TiN-layer, if 

10 present, is preferably removed along the cutting edge. 

According to the method of the invention a WC-Co- 
based cemented carbide body is made with a highly W-al- 
loyed binder phase with a CW-ratio according to above 
and a content of cubic carbide according to above and a 

15 WC grain size according to above and preferably without 
a binder phase enriched surface zone, a first 
(innermost) layer of TiCxNyOz with x+y+z=l, preferably 
z<0.5, with a thickness of < 1.5 ^m, and with equiaxed 
grains with size <0.5 |im using known CVD-methods . 

20 - a layer of TiCxNyO^ x+y+z=l, preferably with z=0 

and X >0.3 and y>0.3, with a thickness of 1-6 \im, pre- 
ferably 2-5 with columnar grains and with an average 
diameter of about <5 \ira, preferably <2 pm, using prefe- 
rably MTCVD- technique (using acetonitrile as the carbon 

25 and nitrogen source for forming the layer in the tem- 
perature range of 700-900 *^C) . The exact conditions, 
however, depend to a certain extent on the design of the 
equipment used. 

- a smooth AI2O3 -layer essentially consisting of K- 

30 AI2O3 is deposited under conditions disclosed in e.g. 
EP-A-523 021. The AI2O3 layer has a thickness of 0.5-5 
m, preferably 0.5-2 \m, and most preferably 0.5-1.5 pm. 
Preferably, a further layer (<1 |im, preferably 0.1-0.5 \l 
m thick) of TiN is deposited, but the AI2O3 layer can be 

35 the outermost layer. This outermost layer, AI2O3 or TiN, 
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has a surface roughness Rmax^^O-^ over a length of 10 
llm- The smooth coating surface can be obtained by a 
gentle wet-blasting the coating surface with finegrained 
(400-150 mesh) alumina powder or by brushing (preferably 
5 used when TiN top coating is present) the edges with 
brushes based on e.g. SiC as disclosed e.g. in Swedish 
patent application 9402543-4. The TiN-layer, if present, 
is preferably removed along the cutting edge. 

10 Example 1 

A. A cemented carbide milling tool in accordance 
with the invention, inserts of style SEKN 1204 AZ with 
the composition 9.1 wt-% Co, 1.25 wt-% TaC, 0.3 0 wt-% 
NbC and balance WC, with a binder phase highly alloyed 

15 with W corresponding to a CW-ratio of 0.86 were coated 
with a 0.5 pm equiaxed TiCN-layer (with a high nitrogen 
content corresponding to an estimated C/N-ratio of 0.05) 
followed by a 4 ^im thick TiC:N-layer with columnar grains 
by using MTCVD- technique (temperature 885-850 and 

20 CH3CN as the carbon /nitrogen source) . In subsequent 
steps during the same coating cycle, a 1 . 0 thick 
layer of AI2O3 was deposited using a temperature 97 0 ^^C 
and a concentration of H2S dopant of 0.4 % as disclosed 
in EP-A-523 021. A thin (0.3 ^ttn) layer of TiN was depo- 

25 sited on top according to known CVD-technique . XRD-mea- 
surement showed that the AI2O3 -layer consisted of 100 % 
K-phase. The cemented carbide body had a WC grain size 
in average of 1.65 pm. The coated inserts were brushed 
by a nylon straw brush containing SiC grains. Examina- 

10 tion of the brushed inserts in a light microscope showed 
that the thin TiN-layer had been brushed away only along 
the cutting edge leaving there a smooth AI2O3- layer sur- 
face. Coating thickness measurements on cross sectioned 
brushed samples showed no reduction of the coating along 
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the edge line except for the outer TiN- layer that was 
removed . 

B, A strongly competitive cemented carbide grade in 
style SEKN 1204 from an external leading carbide pro- 
5 ducer was selected for comparison in a wet milling test. 
The carbide had a composition of 9.0 wt-% Co, 0,2 wt-% 
Tic, 0.5 wt-% TaC, 0.1 wt% NbC balance WC and a CW-ratio 
of 0.95. The WC-grain size was 2.5 \im. The insert had a 
coating consisting of a 6 pm TiCN layer and a 0 . 3 pin TiN 
10 layer. 

Insert from A was compared against insert from B in 
a wet milling test in a medium alloyed steel {HB=310) 
with hot rolled surfaces. Two parallel bars each of a 
thickjiess of 35 mm were central positioned relatively 
15 the cutter body {diameter 100 mm) , and the bars were 
placed with an air gap of 10 mm between them. 

The cutting data were: 

Speed= 160 m/min, 

Feed= 0.20 mm/rev 
20 Cutting depth= 2 mm, single tooth milling with cool- 

ant . 

A comparison was made after milling 12 00 mm. Variant 
A according to the invention, showed no comb cracks and 
variant B showed 14 comb cracks. After milling 1800 mm 
25 variant B broke down due to a lot of chipping and frac- 
ture between the comb cracks . Variant A according to the 
invention lasted 4200 mm corresponding to an effective 
tool life of 11 min compared with about 4 min for 
variant B . 

30 

Example 2 

A. A cemented carbide milling tool in accordance 
with the invention, inserts of style SEKN 1204 AZ with 
the composition 9.1 wt-% Co, 1.23 wt-% TaC, 0.30 wt-% 
35 NbC and balance WC, with a binder phase highly alloyed 



PCT/SE96/01577 



10 



15 



with W corresponding to a CW-ratio of 0.85 were coated 
with a 0.5 tun equiaxed TiCN-layer (with a high nitrogen 
content corresponding to an estimated C/N-ratio of 0.05) 
followed by a 3.7 thick TiCN-layer with columnar 
grains by using MTCVD- technique (temperature 885-850 
and CH3CN as the carbon/nitrogen source). In subsequent 
steps during the same coating cycle, a 0.9 nm thick 
layer of AI2O3 was deposited using a temperature 97 0 
and a concentration of H2S dopant of 0.4 % as disclosed 
in EP-A-523 021, A thin (0.3 \m) layer of TiN was depo- 
sited on top according to known CVD- technique . XRD-mea- 
surement showed that the AI2O3 -layer consisted of 100 % 
K-phase. The cemented carbide body had a WC grain size 
in average of 1.6 ^m. 

B. A strongly competitive cemented carbide grade in 
style SEKN 1204 from an external leading cemented car- 
bide producer was selected for comparison in a wet mil- 
ling test. The carbide had a composition of 11.0 wt-% 
Co, 0.2 wt-% TaC, 0.3 wt% NbC balance WC and a CW-ratio 

20 of 0.90. The insert had a coating consisting of a 0 . 5 |im 
equiaxed TiCN layer, 2.0 \m TiCN columnar layer, 2 . 0 
K-AI2O3 -layer and a 0 . 3 |im TiN-layer. 

C. A strongly competitive cemented carbide grade in 
style SEKN 12 04 from an external leading carbide pro- 
ducer. The carbide had a composition of 7.5 wt-% Co, 0.4 
wt-% TaC, 0.1 wt% NbC, 0.3 wt% TiC balance WC and a CW- 
ratio of 0.95. The insert had a coating consisting of a 
0.5 |im equiaxed TiCN-layer, 2 . 1 pm columnar TiCN-layer, 
2.2 |Lim K-AI2O3 -layer and a 0 . 3 iim TiN-layer. 

Inserts from A were compared against inserts from B 
and C in a wet milling test in a low alloyed steel 
(HB=190) with hot rolled surfaces. The bars were as very 
common extremely rusty due to outdoor stocking. Two pa- 
rallel bars each of a thickness of 32 mm were central 
positioned relatively the cutter body (diameter 100 mm) , 
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and the bars were placed with an air gap of 10 inin bet- 
ween them . 

The cutting data were: 

Speed= 150 m/min. 



Cutting depth= 2 mm, single tooth milling with cool- 
ant . 

The insert C broke after 1100 mm, the insert B broke 
after 215 0 mm and the insert A, according to the inven- 
10 tion, broke after 2400 mm. 

In this test all coatings were of similar type, and 
the major difference were on the cemented carbide. The 
results show that the coated cemented carbide according 
to the invention exhibited longer tool life than two im- 
15 portant competitor grades containing less and more 

binder phase resp than the coated grade according to the 
invention. 

Example 3 

20 A. A cemented carbide milling tool in accordance 

with the invention, inserts of style SEKN 12 04 AZ with 
the composition 9.1 wt-% Co, 1.23 wt-% TaC, 0.30 wt-% 
NbC and balance WC, with a binder phase highly alloyed 
with W corresponding to a CW-ratio of 0.86 were coated 

25 with a 0.5 pm equiaxed TiCN-layer (with a high nitrogen 
content corresponding to an estimated C/N^ratio of 0,05) 
followed by a 3.7 |Lim thick TiCN-layer with columnar 
grains by using MTCVD- technique {temperature 885-850 *^C 
and CH3CN as the carbon /nitrogen source) . In subsequent 

30 steps during the same coating cycle, a 1.1 |im thick 

layer of AI2O3 was deposited using a temperature of 970 

and a concentration of H2S dopant of 0.4 % as dis- 
closed in EP-A-523 021. A thin (0.3 |im) layer of TiN was 
deposited on top according to known CVD- technique . XRD- 

35 measurement showed that the AI2O3 -layer consisted of 100 



5 



Feed= 0,2 0 mm/rev 
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% K-phase. The cemented carbide body had a WC grain size 
in average of 1.7 ^xn. The coated inserts were brushed by 
a nylon straw brush containing SiC grains. Examination 
of the brushed inserts in a light microscope showed that 
5 the thin TiN-layer had been brushed away only along the 
cutting edge leaving there a smooth Al203-layer surface. 
Coating thickness measurements on cross sectioned 
brushed samples showed no reduction of the coating along 
the edge line except for the outer TiN-layer that was 
10 removed. 

B, A strongly competitive cemented carbide grade in 
style SEKN 1204 from an external leading carbide pro- 
ducer. The carbide had a composition of 8.0 wt-% Co, 1.9 
wt-% TaC, 0.2 wt% NbC, 0.2 wt% TiC balance WC and a CW- 

15 ratio of 0.85. The insert had a coating consisting of a 
1.1 im TiN layer and 3 . 3 ^m Tic layer . 

C. A strongly competitive cemented carbide grade in 
style SEKN 1204 from an external leading carbide pro- 
ducer. The carbide had a composition of 10.0 wt-% Co, 

20 2.0 wt-% TaC, 0.2 wt% TiC. balance WC and a CW-ratio of 
0.90. The insert had a coating consisting of a 0.5 \m 
equiaxed TiCN layer, 3.3 jun TiCN columnar layer, 0.1 \m 
K-AI2O3 -layer and a 0 . 5 nm TiN layer. 

Inserts from A was compared against inserts from B 
and C in a dry milling test in a low alloyed steel 
(HB=290) with pre machined surfaces. A bar with a thick- 
ness of 180 mm were central positioned relatively the 
cutter body (diameter 250 mm) 
The cutting data were: 
Speed= 204 m/min, 
Feed= 0.22 mm/ rev 

Cutting depth= 2 mm, single tooth milling dry condi- 
tions . 

Insert B broke after 5000 mm after comb crack forma- 
35 tion and chipping. Insert C broke after 5400 mm by simi- 
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lar wear pattern and insert A was stopped after 600 0 mm 
without other visible wear than a few small comb cracks. 
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Claims 

1- A cutting tool insert for milling low and medium 
alloyed steels with or without raw surfaces during wet 
or dry conditions comprising a cemented carbide body and 
5 a coating characterized in that said ce- 
mented carbide body comprises WC, 8.6-9.5 wt-% Co and 
0.2-1.8 wt-% cubic carbides of Ta, Ti and Nb, with Ti 
present on a level corresponding to a technical impu- 
rity, and a highly W-alloyed binder phase with a CW-ra- 
10 tio of 0.78-0.93 and in that said coating comprises 

- a first (innermost) layer of TiCxNyOz with_. 
x+y+z=l, preferably z<0.5, with a thickness of 0.1-1.5 
m, and with equiaxed grains with size <0.5 |im 

- a layer of TiCxNyOz with x+y+z=l, preferably with 
15 2 = 0 and x>0.3 and y>0.3, with a thickness of 1-6 |im with 

columnar grains with a diameter of about <5 fxm 

- a layer of a smooth, fine-grained (0.5-2 ^m) k- 
AI2O3 with a thickness of 0.5-5 \m and 

- preferably an outer layer of TiN with a thickness 
20 of <1 pm. 

2. Milling insert according to claim 1 
characterized in that the cemented carbide 
has the composition 8.8-9.4 wt-% Co and 0.4-1,8 wt% car- 
bides of Ta and Nb. 
25 3 . Milling insert according to any of the preceding 

claims characterized in a CW-ratio of 0.82- 
0,90. 

4. Milling insert according to any of the preceding 
claims characterized in that the outermost 

30 TiN- layer, if present, has been removed along the cut- 
ting edge. 

5. Method of making a milling insert comprising a 
cemented carbide body and a coating 

characterized in that a WC-Co-based cemented 
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carbide body with a highly W-alloyed binder phase with a 
CW-ratio of 0.78-0.93 is coated with 

- a first (innermost) layer of TiCxNyOz with 
x+y+2=l, preferably 2<0.5, with a thickness of 0.1-1.5 

5 Jim, with equiaxed grains with size <0.5 nin using known 
CVD-methods 

- a layer of TiCxNyOg with x+y+2=l, preferably with 
2=0 and x>0.3 and y>0.3, with a thickness of 1-6 with 
columnar grains with a diameter of about <5 \im deposited 

10 by MTCVD- technique, using acetonitrile as the carbon and 
nitrogen source for forming the layer in a preferred 
temperature range of850-900Oc. 

- a layer of a smooth K-AI2O3 with a thickness of 
0.5-5 (im and 

15 - preferably a layer of TiN with a thickness of <1 

pm. 

6. Method according to the previous claim 
characteri 2 ed in that said cemented carbide body 
has a cobalt content of 8,8-9.4 wt% and 0.4-1.8 wt% cu- 

20 bic carbides of Ta and lOb. 

7, Method according to any of the claims 5 and 6 
characteri2edina CW-ratio of 0.82-0.90. 

8 . Method according to any of the claims 5, 6 and 7 
characterized in that the outermost TiN- 
25 layer, if present, is removed along the cutting edge. 




Fig. 1 
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COATED MILLING INSERT AND METHOD OF MAKING IT 

The present invention relates to a coated cutting 
tool (cemented carbide insert) particularly useful for 
5 wet and dry milling of low and medium alloyed steels, 

with raw surfaces such as cast skin, forged skin, hot or 

cold rolled skin or pre-machined surfaces. 

J 

When milling low and medium alloyed steels with ce- 
mented carbide tools the cutting edge is worn according 
10 to different wear mechanisms, such as chemical wear, 

abrasive wear, adhesive wear and by edge chipping caused 
by cracks formed along the cutting edge, the so called 
comb cracks . 

The comb crack formation is particularly severe when 
15 wet milling is employed (using coolcint) . Coolant and 
work piece material may penetrate and widen the comb 
cracks and the edge will start to chip. A chipped edge 
will generate a bad surface finish of the machined com- 
ponent - 

20 Different cutting conditions require different pro- 

perties of the cutting insert. For example, when cutting 
in steels with raw surface zones a coated cemented car- 
bide insert must consist of a tough carbide and have - 
very good coating adhesion. When milling in low alloyed 

25 steels the adhesive wear is generally the dominating 
wear type. Here preferably thin (1-3 yua) CVD- or PVD- 
coatings have to be used. 

Measures can be taken to improve the cutting per- 
formance with respect to a specific wear type. However, 

30 very often such action will have a negative effect on 
other wear properties . 

The influence of some possible measures is given be- 
low: 

1.) Comb crack formation can be reduced by lowering 
35 the binder phase content. However, such action will 
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lower the toughness properties of the cutting inserts 
which is not desirsible. 

2 . ) Improved abrasive wear can be obtained by in- 
creasing the coating thickness. However, thick coatings 

5 increase the risk f or flaking and will lower the resis- 
tance to adhesive wear. 

3 . ) Milling at high cutting speeds cuid at high cut- 
ting edge temperatures requires a cemented carbide with 
a rather high amount of cubic carbides (solid solution 

10 of WC-TiC-TaC-NbC) . Such carbides will more easily de- 
velop comb cracks . 

So far it has been very difficult to improve all 
tool properties simultaneously. Commercial cemented car- 
. bide grades have therefore been optimized with respect 

15 to one or few of these wear types and hence to specific 
application areas, 

Swedish patent application 9501286-0 discloses a 
coated cutting insert particularly useful for dry mil- 
ling of grey cast iron. The insert is characterized by a 

20 straight WC-Co cemented carbide grade and a coating in- 
cluding a layer of TiCxNyOg with columnar grains and a 
top layer of fine grained textured a-Al203 . 

Swedish patent application 9502640-7 discloses a 
coated turning insert particularly useful for intermit- 

25 tent turning in low alloyed steel. The insert is charac- 
terized by a WC-Co cemented carbide body having a highly 
W-alloyed Co-binder phase and a coating including a 
layer of TiCxNyO^ with columnar grains and a top layer 
of a fine grained, textured a-Al203 . 

30 Swedish patent application 9503056-5 discloses a 

coated turning cutting tool particularly useful for cut- 
ting in hot and cold forged low alloyed steel. The in- 
sert is characterized by a WC-Co cemented carbide body 
having a highly W-alloyed Co-binder phase and a coating 
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including a layer of TiCxNyOz with columnar grains and a 
top layer of a fine-grained, a-Al203 • 

It has now surprisingly been foxind that by combining 
maiiy different features a cutting tool for milling with 
5 excellent cutting performance in low and medium alloyed 
steel with or without raw surface zones both in wet and 
dry milling can be obtained. The cutting tool according 
to the invention shows improved properties with respect 
to many of the wear types earlier mentioned, 
10 The milling cutting insert according to the inven- 

tion consists of: a cemented carbide body with a highly 
W-alloyed binder phase and with a well balanced chemical 
composition and grain size of the WC, a columnar 
TiCxNyOz" layer, a K-AI2O3 -layer, a TiN-layer and optio- 
15 nally followed by smoothening the cutting edges by 
brushing the edges with e.g. a SiC based brush. 

Fig 1 is a micrograph in 10000 X magnification of a 
coated insert according to the present invention in 
which 

20 A - cemented carbide body 

B - TiCxNyOg;- layer with equiaxed grains 
C - TiCxNyOz-layer with coliamnar grains 
D - K-AI2O3 -layer with columnar like grains 
E - TiN-layer preferred, could be an option 
According to the present invention a milling tool 
insert is provided with a cemented carbide body with a 
composition of 8.6-9.5 wt% Co, preferably 8.7-9.5 wt% 
Co, most preferably 8.8-9.4 wt% Co, 0.2-1.8 wt% cubic 
carbides, preferably 0.4-1.8 wt% cubic carbides, most 
30 preferably 0.5-1.7 wt% cubic carbides of the metals Ta, 
Nb and Ti and balance WC. The cemented carbide may also 
contain other carbides from elements from group IVb, Vb 
or VIb of the periodic table. The content of Ti is pre- 
ferably on a level corresponding to a technical impu- 
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rity. The average grain size of the WC is in the range 
of about 1,5-2 jixti, preferably about 1.7 |iin- 

The cobalt binder phase is highly alloyed with W. 
The content of W in the binder phase can be expressed as 
5 the CW-ratio= Mg / (wt% Co * 0.0161), where Mg is the 
measured saturation magnetization of the cemented car- 
bide body in kA/m and wt% Co is the weight percentage of 
Co in the cemented carbide. The CW-value is a function 
of the W content in the Co binder phase. A low CW-value 

10 corresponds to a high W-content in the binder phase. 

It has now been found according to the present in- 
vention that improved cutting performance is achieved if 
the cemented carbide body has a CW-ratio of 0.78-0.93, 
preferably 0,80-0.91, and most preferably 0.82-0.90. The 

15 cemented carbide may contain small amounts, <1 volume %, 
of T|-phase (MgC) , without any detrimental effect. From 
the CW-value it follows that no free graphite is allowed 
in the cemented carbide body according to the present 
invention. 

20 The cemented carbide body may contain a thin (about 

5-25 \xm) surface zone depleted in cubic carbides and 
often enriched in binder phase according to prior art 
such as disclosed in US 4,610,931. In this case the ce- 
mented carbide may contain carbonitride or even nitride. 

25 The coating comprises 

- a first (innermost) layer of TiCxNyOg with 
x+y+z=l, preferably z<0,5, with equiaxed grains with 
size <0.5 |im and a total thickness <1.5 |im and prefe- 
rably >0.1 Jim. 

30 - a layer of TiCxNyO^ with x+y+z=l, preferably with 

z = 0 and x>0.3 and y>0,3, with a thickness of 1-6 |im, 
preferably 2-5 jim, with columnar grains and with an 
average diameter of about <5 Jim, preferably 0,1-2 |im 



35 about 0.5-2 |im) AI2O3 consisting essentially of the K- 



- a layer of a smooth, fine-grained (grain size 
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phase. However, the layer may contain small amounts, 1-3 
vol-%, of the 9- or the a-phases as determined by XRD- 
measurement. The Al203-layer has a thickness of 0.5-5 
|im, preferably 0.5-2 ^un, and most preferably 0.5-1.5 |iin. 
5 Preferably, this AI2O3 -layer is followed by a further 
layer (<1 ixxa, preferably 0.1-0.5 ^im thick) of TiN, but 
the AI2O3 layer can be the outermost layer. This outer- 
most layer, AI2O3 or TiN, has a surface roughness 
^max^O--^ over a length of 10 jtm. The TiN-layer, if 

10 present, is preferably removed along the cutting edge. 

According to the method of the invention a WC-Co- 
based cemented carbide body is made with a highly W-al- 
loyed binder phase with a CW-ratio according to above 
and a content of cubic carbide according to above and a 

15 WC grain size according to above and preferably without 
a binder phase enriched surface zone, a first 
(innermost) layer of TiCxNyOz with x+y+z=l, preferably 
z<0.5, with a thickness of < 1.5 jiun, and with equiaxed 
grains with size <0.5 |im using known CVD-methods. 

20 - a layer of TiCxNyOz x+y+z=l, preferably with z=:0 

cind X >0.3 and y>0.3, with a thickness of 1-5 |xm, pre- 
ferably 2-5 \xm, with columnar grains and with an average 
diameter of about <5 |Lim, preferably <2 ^tm, using prefe- 
rably MTCVD- technique (using acetonitrile as the carbon 

25 and nitrogen source for forming the layer in the tem- 
perature range of 700-900 ^C) . The exact conditions, 
however, depend to a certain extent on the design of the 
equipment used. 

- a smooth Al203-layer essentially consisting of K- 

30 AI2O3 is deposited under conditions disclosed in e.g. 

EP-A-523 021. The AI2O3 layer has a thickness of 0.5-5 |l 
m, preferably 0,.5-2 fim, and most preferably 0.5-1.5 jim. 
Preferably, a further layer (<1 pm, preferably 0.1-0.5 \i 
m thick) of TiN is deposited, but the AI2O3 layer can be 

35 the outermost layer. This outermost layer, AI2O3 or TiN, 
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has a surface roughness Rmax^^O-^ \m over a length of 10 
[im. The smooth coating surface can be obtained by a 
gentle wet-blasting the coating surface with finegrained 
(400-150 mesh) alximina powder or by brushing (preferably 
5 used when TiN top coating is present) the edges with 
brushes based on e.g. SiC as disclosed e.g. in Swedish 
patent application 9402543-4. The TiN-layer, if present, 
is preferably removed along the cutting edge. 

0 Example 1 

A. A cemented carbide milling tool in accordance 
with the invention, inserts of style SEKN 1204 AZ with 
the composition 9.1 wt-% Co, 1.25 wt-% TaC, 0.3 0 wt-% 
•NbC and balance WC, with a binder phase highly alloyed 

5 with W corresponding to a CW-ratio of 0.86 were coated 
with a 0.5 |am equiaxed TiCN-layer (with a high nitrogen 
content corresponding to an estimated C/N-ratio of 0.05) 
followed by a 4 nm thick TiCN-layer with colximnar grains 
by using MTCVD- technique (temperature 885-850 ^C and 

D CH3CN as the carbon/nitrogen source) . In subsequent 
steps during the same coating cycle, a 1 . 0 pm thick 
layer of AI2O3 was deposited using a temperature 970 °C 
and a concentration of H2S dopant of 0.4 % as disclosed 
in EP-A-523 021. A thin (0.3 |im) layer of TiN was depo- 

5 sited on top according to known CVD- technique . XRD-mea- 
surement showed that the AI2O3 -layer consisted of 100 % 
K-phase. The cemented carbide body had a WC grain size 
in average of 1.65 |im. The coated inserts were brushed 
by a nylon straw brush containing SiC grains. Examina- 

[) tion of the brushed inserts in a light microscope showed 
that the thin TiN- layer had been brushed away only along 
the cutting edge leaving there a smooth AI2O3 -layer sur- 
face. Coating thickness measurements on cross sectioned 
brushed samples showed no reduction of the coating along 
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the edge line except for the outer TiN- layer that was 
removed . 

B. A strongly competitive cemented carbide grade in 
style SEKN 1204 from an external leading carbide pro- 
5 ducer was selected for comparison in a wet milling test. 
The carbide had a composition of 9 . 0 wt-% Co, 0.2 wt-% 
Tic, 0.5 wt-% TaC, 0.1 wt% NbC balance WC and a CW-ratio 
of 0-95. The WC-grain size was 2.5 fim. The insert had a 
coating consisting of a 6 pm TiCN layer and a 0.3 TiN 
10 layer. 

Insert from A was compared against insert from B in 
a wet milling test in a medium alloyed steel (HB=310) 
with hot rolled surfaces. Two parallel bars each of a 
thickness of 35 mm were central positioned relatively 
15 the cutter body (diameter 100 mm) , and the bars were 
placed with an air gap of 10 mm between them. 

The cutting data were: 

Speed= 160 m/min, 

Feed= 0.20 mm/rey 
20 Cutting depth= 2 mm, single tooth milling with cool- 



A according to the invention, showed no comb cracks and 
variant B showed 14 comb cracks. After milling 1800 mm 
25 variant B broke down due to a lot of chipping and frac- 
ture between the comb cracks. Variant A according to the 
invention lasted 4200 mm corresponding to an effective 
tool life of 11 min compared with about 4 min for 
variant B. 

30 

Example 2 

A. A cemented carbide milling tool in accordance 
with the invention, inserts of style SEKN 1204 AZ with 
the composition 9.1 wt-% Co, 1.23 wt-% TaC, 0.3 0 wt-% 
35 NbC and balance WC, with a binder phase highly alloyed 



ant . 



A comparison was made after milling 12 00 mm. Variant 



with W corresponding to a CW-ratio of 0.85 were coated 
with a 0.5 lim equiaxed TiCN-layer (with a high nitrogen 
content corresponding to an estimated C/N-ratio of 0.05) 
followed by a 3.7 ^In thick TiCN-layer with columnar 
grains by using MTCVD- technique (temperature 885-850 
and CH3CN as the carbon/nitrogen source) . In subsequent 
steps during the same coating cycle, a 0 . 9 |im thick 
layer of AI2O3 was deposited using a temperature 97 0 
and a concentration of H2S dopant of 0 . 4 % as disclosed 
in EP-A-523 021. A thin (0.3 Jim) layer of TiN was depo- 
sited on top according to known CVD- technique . XRD-mea- 
surement showed that the AI2O3 -layer consisted of 100 % 
K-phase. -The cemented carbide body had a WC grain size 
in average of 1.6 fim. 

B. A strongly competitive cemented carbide grade in 
style SEKN 1204 from an external leading cemented car- 
bide producer was selected for comparison in a wet mil- 
ling test. The carbide had a composition of 11.0 wt-% 
Co, 0.2 wt-% TaC, 0.3 wt% NbC balance WC and a CW-ratio 
of 0.90. The insert had a coating consisting of a 0.5 pm 
equiaxed TiCN layer, 2 . 0 Jim TiCN columnar layer, 2.0 [im 
K-AI2O3 -layer and a 0.3 |im TiN-layer. 

C. A strongly competitive cemented carbide grade in 
style SEKN 1204 from an external leading carbide pro- 
ducer. The carbide had a composition of 7 . 5 wt-% Co, 0.4 
wt-% TaC, 0.1 wt% NbC, 0.3 wt% TiC balance WC and a CW- 
ratio of 0.95. The insert had a coating consisting of a 
0.5 nm equiaxed TiCN-layer, 2 , 1 ^im colxamnar TiCN-layer, 
2.2 |lm K-Al203-layer and a 0.3 pm TiN-layer. 

Inserts from A were compared against inserts from B 
and C in a wet milling test in a low alloyed steel 
(HB=190) with hot rolled surfaces. The bars were as very 
common extremely rusty due to outdoor stocking. Two pa- 
rallel bars each of a thickness of 32 mm were central 
positioned relatively the cutter body (diameter 100 mm) , 



and the bars were placed with an air gap of 10 mm bet- 
ween them. 

The cutting data were: 

Speed= 150 m/min, 

Feed= 0.2 0 mm/rev 

Cutting depth= 2 mm, single tooth milling with cool- 
ant . 

The insert C broke after 1100 mm, the insert B broke 
after 2150 mm and the insert A, according to the inven- 
tion, broke after 2400 mm. 

In this test all coatings were of similar type, and 
the major difference were oh the cemented carbide . The 
results show that the coated cemented carbide according 
to the invention exhibited longer tool life than two im- 
portant competitor grades containing less and more 
binder phase resp than the coated grade according to the 
invention . 

Example 3 

A. A cemented carbide milling tool in accordance 
with the invention, inserts of style SEKN 1204 AZ with 
the composition 9.1 wt-% Co, 1.23 wt-% TaC, 0.30 wt-% 
NbC and balance WC, with a binder phase highly alloyed 
with W corresponding to a CW-ratio of 0.86 were coated 
with a 0.5 |lm equiaxed TiCN-layer (with a high nitrogen 
content corresponding to an estimated C/N-ratio of 0.05) 
followed by a 3.7 Jim thick TiCN-layer with columnar 
grains by using MTCVD- technique (temperature 885-850 ^C 
and CH3CN as the carbon/nitrogen source) . In subsequent 
steps during the same coating cycle, a 1.1 (am thick 
layer of AI2O3 was deposited using a temperature of 970 
^C and a concentration of H2S dopant of 0.4 % as dis- 
closed in EP-A-523 021. A thin (0.3 |xm) layer of TiN was 
deposited on top according to known CVD- technique . XRD- 
measurement showed that the AI2O3 -layer consisted of 100 
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% K-phase, The cemented carbide body had a WC grain size 
in average of 1.7 ^iin. The coated inserts were brushed by 
a nylon straw brush containing SiC grains . Examination 
of the brushed inserts in a light microscope showed that 
5 the thin TiN- layer had been brushed away only along the 
cutting edge leaving there a smooth AI2O3 -layer surface. 
Coating thickness measurements on cross sectioned 
brushed samples showed no reduction of the coating along 
the edge line except for the outer TiN- layer that was 
10 removed. 

B. A strongly competitive cemented carbide grade in 
style SEKN 1204 from an external leading carbide pro- 
ducer. The carbide had a composition of 8,0 wt-% Co, 1.9 
wt-% TaC, 0.2 wt% NbC, 0.2 wt% TiC balance WC and a CW- 

15 ratio of 0.85. The insert had a coating consisting of a 
1.1 \xxa TiN layer and 3,3 |im TiC layer . 

C. A strongly competitive cemented carbide grade in 
style SEKN 12 04 from an external leading carbide pro- 
ducer. The carbide had a composition of 10.0 wt-% Co, 

20 2.0 wt-% TaC, 0.2 wt% TiC. balance WC and a CW-ratio of 
0.90. The insert had a coating consisting of a 0 . 5 ^ira 
equiaxed TiCN layer, 3.3 TiCN columnar layer, 0 . 7 jtm 
K-AI2O3 -layer and a 0 . 5 |im TiN layer. 

Inserts from A was compared against inserts from B 
25 and C in a dry milling test in a low alloyed steel 

(HB=290) with pre machined surfaces. A bar with a thick- 
ness of 180 mm were central positioned relatively the 
cutter body (diameter 250 mm) 
The cutting data were: 
30 Speed= 204 m/min, 

Feed= 0.22 mm/rev 

Cutting depth= 2 mm, single tooth milling dry condi- 
tions . 

Insert B broke after 5000 mm after comb crack forma- 
35 tion and chipping. Insert C broke after 5400 mm by simi- 
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lar wear pattern and insert A was stopped after 6000 mm 
without other visible wear than a few small comb cracks. 
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Claims 

1. A cutting tool insert for milling low and medium 
alloyed steels with or without raw surfaces during wet 
or dry conditions comprising a cemented carbide body and 

5 a coating characterized in that said ce- 
mented carbide body comprises WC, 8.6-9.5 wt-% Co and 
0.2-1.8 wt-% cubic carbides of Ta, Ti and Nb, with Ti 
present on a level corresponding to a technical impu- 
rity, and a highly W-alloyed binder phase with a CW-ra- 
10 tio of 0.78-0.93 and in that said coating comprises 

- a first (innermost) layer of TiGxNy02 with 
x+y+z=l, preferably z<0. 5, with a thickness of 0.1-1.5 \x 
m, and with equiaxed grains with size <0.5 jim 

- a layer of TiC^NyOz with x+y+z=l, preferably with 
15 z=0 and x>0.3 and y>0.3, with a thickness of 1-6 ^m with 

columnar grains with a diameter of about <5 |Xm 

- a layer of a smooth, fine-grained (0.5-2 ^m) k- 
AI2O3 with a thickness of 0.5-5 |xm and 

- prefercibly an outer layer of TiN with a thickness 
20 of <1 |im. 

2. Milling insert according to claim 1 
characterized in that the cemented carbide 
has the composition 8.8-9.4 wt-% Co and 0.4-1.8 wt% car- 
bides of Ta and Nb. 

25 3. Milling insert according to any of the preceding 

claims characterized in a CW-ratio of 0.82- 
0.90. 

4. Milling insert according to any of the preceding 
. claims characterized in that the outermost 

30 TiN-layer, if present, has been removed along the cut- 
ting edge. 

5. Method of making a milling insert comprising a 
cemented carbide body and a coating 

characterized in that a WC-Co -based cemented 



carbide body with a highly W-alloyed binder phase with a 
CW-ratio of 0.78-0.93 is coated with 

- a first (innermost) layer of TiC^NyOz with 
x+y+z=l, preferably 2<0.5, with a thickness of 0.1-1.5 

5 \m, with equiaxed grains with size <0.5 nm using known 
CVD-methods 

- a layer of TiCxNyOz with x+y+z=l, preferably with 
z=0 and x>0,3 and y>0.3, with a thickness of 1-6 jLim with 
columnar grains with a diameter of about <5 pm deposited 

10 by MTCVD- technique, using acetonitrile as the carbon- and 
nitrogen source for forming the layer in a preferred 
temperature range of 850-900 ^C. 

- a layer of a smooth K-AI2O3 with a thickness of 
0.5-5 flm and 

15 - preferably a layer of TiN with a thiclcness of <1 

|LUn. 

6 . Method according to the previous claim 

c h a r a c t e r i 2 e d in that said cemented carbide body 
has a cobalt content of 8.8-9.4 wt% and 0.4-1.8 wt% cu- 
20 bic carbides of Ta and Nb. 

7 . Method according to any of the claims 5 and 6 
characteri 2 edina CW-ratio of 0.82-0.90. 

8 . Method according to any of the claims 5, 6 and 7 
characterized in that the outermost TiN- 
25 layer, if present, is removed along the cutting edge. 
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